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Abstract 
Pattern Transfer Printing (PTP™) is a patented novel non-contact printing technology developed and commercialized by Utilight 
for advanced front side metallization of c-Si PV solar cells. As PTP™ is based on laser induced deposition from a polymer 
substrate, the geometry of the printed features is not restricted by the characteristics of a printing screen, allowing for much finer, 
higher and uniform fingers.  We present the results achieved by printing the front side finger lines and bus bars of mono- and 
multi-crystalline solar cells with PTP™ technology and compare these with results of neighboring cells manufactured by state-of-
the-art screen printing technology. Finger lines with high aspect ratio and uniform line shape down to 20 μm width could be 
printed. Solar cells with 29 μm wide double printed PTP finger lines show an efficiency increase of up to 0.4%abs. 
 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Since the beginning of industrial solar cell production, screen printing of silver containing pastes is the working 
horse for the grid metallization on the front sides of silicon wafer based solar cells. Due to some inherent drawbacks 
associated with this contact transfer method, namely a limited aspect ratio, restrictions in regard to minimal feature 
size, and an uneven deposit due to mesh marks, developers have always been eager to expulse screen printing as 
production process. Plenty alternative processes have been proposed and tested in the last decades [1,2], but none of 
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them have gained a significant market share so far. Although the reasons for failure are certainly manifold and 
debatable, some similarities can be identified: 
First, methods involving costly and complicated equipment have difficulties to spread fast, leaving the 
development costs to be shared between few. Second, methods resulting in a changed interface for module 
integration, evoking a multitude of questions around the further processing and long term reliability of the 
interconnection are difficult to handle. And third, and probably most important, methods using other material 
systems for contacting the doped silicon surface, like proprietary inks, aerosols, fluids, powders, etc. have the 
disadvantage of decoupling their progress from the progress material companies make in improving the contact 
resistance of screen printing Ag pastes. Innovations are adopted much later – if at all – leading after short time to a 
significant backlog for novel technologies, even initial results were promising [2].  
Best would be a method capable of depositing thick film metal pastes, without the need to push the material 
through a mesh or stencil in contact with the wafer. In this regard, dispensing of metal pastes is an interesting 
technique, which recently showed promising results [3]. Nevertheless, the need to guide the paste, highly loaded 
with abrasive particles, through a distribution system and thin nozzles definitely represents a challenge. Another one 
is the required throughput demanding the complex use of multiple parallel printing heads.  
We present here the novel method of Pattern Transfer Printing (PTP™). Concerning the handling of the paste, it 
resembles a lot screen printing, as a set of blades is used to fill paste into trenches. But as the transfer of the paste is 
done by laser evaporation without physical contact to the wafer, the method is liberated from all the geometrical 
restrictions that come with pushing paste through a mesh or stencil.  
 
2. Working principle of Pattern Transfer Printing 
The printing technology is based on two stages: the filling of a transparent polymer substrate with pre-embossed 
trenches with paste and the transfer of the paste pattern to the wafer surface using laser irradiation. 
The main difference between PTPTM and standard laser induced deposition is that the deposited paste is not 
detached from the surrounding material but from the walls of the polymer trench. This requires lower irradiation 
intensity, results in less debris and much higher aspect ratios for PTP technology, compared to other laser induced 
depositions, as for example laser transfer printing developed by BASF and Schmid [4]. 
As for the creation of the polymer substrate, embossing of trenches into roll-to-roll films or rigid substrate is used. 
Embossing can be done with very high throughput at minimal production costs and delivers the unique feature of a 
very planar top surface, advantageous for the later filling. Features as deep as 20 μm with a bottom width of 20-30 
μm are easily achievable. 
 
 
 
Figure 1 - Schematic drawing of the working principle of Pattern Transfer Printing (PTPTM) 
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The pattern in the polymer substrate is filled with printing paste using a set of doctor blades. Due to the high 
planarity the area between the trenches remains fairly clean. Next, the polymer substrate is positioned in proximity 
(100-300 μm) to the wafer surface and the paste is released by irradiation of laser light through the transparent 
carrier: Due to the laser light absorption in the paste solvents are evaporated at the interface between carrier and 
paste, resulting in an over-pressure accelerating the paste towards the wafer. Currently an infra-red fiber laser with 
very high scanning velocity of about 200-250 m/sec is used for irradiation, allowing for the deposition finger lines of 
154 mm length virtually at once.  
 
3. Experimental 
To evaluate the potential of Pattern Transfer Printing finger lines and complete solar cells were made using mono 
and multi crystalline precursors from an industrial production with an emitter sheet resistance of 70 ȍ/sq and an Al-
paste metalized rear side. 
The Pattern Transfer Prints were performed with a lab system installed at Utilight Ltd. in Yavne, Israel, using a 
standard Ag-screen printing paste from Heraeus (SOL9610A). These samples were dried on site in a drying oven for 
10 minutes at 150ÛC and fired about two weeks later at CiS in Erfurt in a 4-zone Centrotherm inline firing furnace. 
The front side bus bars of these cells were done by PTP printing 60 finger lines next to each other using the same 
paste. The reference cells were metalized by screen printing also with SOL9610A at CiS, using a layout with three 
bus bars and 78 fingers for mono cells and 68 fingers for multi cells.  
Finger lines were characterized by SEM cross sections and line resistance measurements with a four point probe 
set up. The solar cells were analyzed by electro luminescence pictures and IV-curve measurements on an H.A.L.M. 
solar simulator. The series resistance Rser was determined by means of IEC891 using two different illumination 
levels of 500 and 1000 W/m2.  
Some PTP cells were fired with different set values. But as they performed poorer the rest of cells were done with 
identical settings as the reference cells. These poorer cells were excluded from the statistics. 
 
4. Results 
4.1.  Finger geometry 
The shape of the finger line on the wafer is mainly defined by the shape of the trench in the polymer substrate. In 
order to facilitate the release trapezoidal cross section are chosen. In a pre-test, individual lines were deposited from 
a trench with 20μm bottom width on mono crystalline wafers. As it can be seen from Figure 2, lines as small as 20 
μm could be deposited. 
      
 
Figure 2 – SEM pictures of 20 μm wide PTP lines on mono crystalline wafers 
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The solar cells were metalized either with 160 single printed PTP lines from trenches of 28μm width resulting in 
lines with a base width of 25-30 μm and a height of 10 to 12 microns. Or they were printed with 110 double printed 
PTP lines, resulting in a slightly broader base width of 27-30 μm and a height of 20 to 25 μm. The mono reference 
cells have 78 fingers from screen openings of 60 μm resulting in ~75 μm wide and 15 to 25 μm high fingers and the 
multi cells have 68 fingers from screen openings of 70 μm and resulting in ~85 μm wide and 18 to 35 μm high 
fingers. Typical cross sections and line shapes of fingers on multi wafers are shown in Figure 3 
 
  
  
Figure 3 – SEM Pictures of fingers by PTP and Screen printing on multi wafers: a) top view of a single printed PTP finger showing homogeneous 
height along the line; b) cross-section of 27 μm wide PTP single finger c) cross-section of 29 μm wide PTP double printed finger d) top view of 
screen printed reference finger e) cross-section of 77 mm wide screen printed reference fingers 
 
The line width values were used to calculate in Table 1 the shaded area fraction of the solar cells. Even with the 
much higher line count the PTP metallized cells are shaded significantly less by their metal grid. Further, as it can be 
seen in Figure 3, picture d) the screen printed fingers suffer from an inhomogeneous lay down due to so-called mesh 
marks, resulting in ineffective material usage. The PTP fingers in comparison are homogeneous along the line.   
Table 1 From SEM pictures extracted values on finger width combined with expected bus bar width (BB) were used to calculate the 
metalized fraction, here of the multi crystalline solar cells. 
Technique Number of 
Fingers 
Finger width  
[μm] 
Metalized  
area fingers 
[mm2] 
Bus bar    
width      
[μm2] 
Metalized  
area bus bars 
[mm2]   
Total 
metalized 
[mm2] 
Cal. 
metalized 
fraction 
screen print 68 85 890 1.5 667 1557 6.4% 
PTP single print 160 27 665 1.5 674 1339 5.5% 
PTP double print 110 29 491 1.5 679 1170 4.8% 
 
Automatic image analysis was used to extract finger cross sections from the SEM pictures. These were used to 
calculate the volume of the applied metal deposit which was compared to the weight of dried paste determined by 
weighting the wafer before and after printing and drying. As it can be seen in Table 2 calculated volume and 
measured weight have a similar ratio for the different techniques. We call this ratio pseudo density, as we are aware 
that the geometry refers to sintered paste values, while the weight refers to dried paste. Using the pseudo density we 
calculated the weight of the fingers only. It can be seen that with Pattern Transfer Printing the amount of paste for 
a)                                                          b)                    c) 
 
 
 
 
 
 
 
 
 
d)           e) 
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the fingers compared to screen printing was reduced to 41 mg (- 52%) for the single prints and 52 mg (- 40%) for 
the double prints. 
 
Table 2 – From SEM pictures extracted values for the finger cross section and estimated values for the BB volume were compared with 
paste laydown after drying. Please note that the bus bars of the PTP printed cells were done by depositing 60 PTP lines next to each 
other, allowing calculating the BB volume very precisely from the finger volume 
Technique Paste   
laydown   
[mg] 
Finger      
cross section  
[μm2] 
Finger  
volume 
[mm3]   
Bus bar 
volume   
[mm3]  
Total    
volume   
[mm3]  
 Pseudo 
density 
[mg/mm3] 
Cal. weight 
fingers      
[mg] 
Screen print 170 1200 12.57 12.34 24.9 6.8 86 
PTP single print 87 250 6.16 6.93 13.1 6.6 41 
PTP double print 100 440 7.45 6.93 14.4 7.0 52 
 
4.2. Cell results  
Figure 4 shows electro luminescence pictures from typical mono crystalline cells of the experiment. The single 
PTP printed cells show some finger interruptions. These might result from printing with the not optimized lab 
system or might have evolved during transport and firing. Double printed PTP cells show very few interruptions. 
 
 
 
Screen printed reference cell Single PTP print mono cell Doube PTP print mono cell 
Figure 4 – Electro luminescence pictures from typical mono crystalline cells of the experiment. The single PTP printed cells show some finger 
interruptions while the double printed PTP cells and the references hardly show any interruptions 
 
Figure 5 shows the IV-parameters of accordingly metalized solar cells. Although the total number of cells is 
relatively small, some conclusions are evident:  
 The PTP cells exhibit higher short circuit currents (Jsc) and open voltages (Voc) compared to the reference cells, 
on account of the reduced metalized area fraction. Nevertheless, for most cells also the series resistance was reduced, 
resulting in an increased fill factor (FF).  
As the resistance loss due to lateral conduction in the emitter rise quadratic with the line spacing, it was expected 
that the higher line count would decrease this contribution to the series resistance. Going from line spacing of 2 mm 
(78 fingers) to 1.4 mm (for 110 fingers) cuts the series resistance of the emitter in half and decreasing it to 0.94 mm 
(for 160 fingers) even quarters it. On the other hand, due to the drastically reduced paste amount, the grid resistance 
is expected to increase significantly. This effect can be seen in Figure 5, in the graph in the lower right, showing the 
resistance between one bus bar and the neighbouring bus bars. Further, the contact resistance might be increased due 
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to a reduced contact area. Apparently the effect of the reduced series resistance dominates the other effects, as for the 
multi cells and for double printed mono cells the total series resistance is reduced.  
On the multi crystalline solar cells, with single PTP printing the conversion efficiency was in the same range as 
the reference cells, while double PTP printing lead to an increase of about 0,25%abs. On mono crystalline solar cells, 
single PTP printing lead to 0.3%abs increase, while double PTP printing even resulted in 0.4%abs increase in 
efficiency.  
   
 
 
 
 
 
 
  
Figure 5 – IV-Data of the solar cells metalized with PTP printing compared to reference cells with screen printing  
5. Conclusions and Outlook 
It was shown that the novel technique of Pattern Transfer Printing (PTPTM) is capable of depositing very fine 
metallization finger lines, down to 20 μm width, with high aspect ratio from standard screen printing pastes.  
This allows an increased line count on the front side of solar cells significantly while simultaneously reducing 
metal coverage and paste consumption drastically. The PTP printed finger grids in this study were done with 40-50 
mg paste lay down for the fingers.  
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First solar cells were presented, showing an efficiency gain of up to 0.4%abs compared to reference cells made on 
neighboring substrates using identical metal pastes. Given the very limited number of cells, not allowing for many 
optimizations, and rather adverse manufacturing conditions with printing and firing performed in different labs, 
these results are very promising. Further potential lies in the use of separate paste for floating bus bars, which has 
shown to increase efficiency by up to 0.2%abs [3, 5], and can be implemented easily, as the bus bar printing is done in 
a second step anyway. 
But the ultimate potential of the technique will reveal only when better contacting allows a further increase of the 
sheet resistance of the front side emitter, magnifying the benefit of small finger line distances. In this regard, PTP 
printing might also become an interesting option for cell concepts using hetero junctions or tunnel contact, which are 
forced so far to use relatively thick and costly transparent conductive oxid (TCO) layers, in order to achieve 
sufficient lateral conductance. 
In conclusion PTP™ technology might disburden solar cell metallization from the limitations of screen printing 
and pave the path for further efficiency increase and cost reduction of c-Si solar cells and modules. Since the PTP™ 
technology requires no change in the process flow and uses standard metal pastes the technology can be 
implemented rather simple and cost effective by upgrading existing production lines by adding only one PTP system. 
The dimensions of the Utilight PTP™ system with a throughput of 1600 wafers/hour are given in Figure 6. 
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Figure 6 – Dimensions of a PTP printing system for 1600 wafer/h  
